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Fig. 1. Type of Mill Construction Buildings Used in Central Manufacturing District, Chicago. 

MILL CONSTRUCTION DEFINED* t 

THE term "mill construction" as commonly bustible walls or partitions, and by doors or hatch- 
used is the name given to that type of build- ways which will close automatically when fire is 
ing construction in which the interior framing and near them. Stairways, belt passages, and ele- 
floors are of timber, arranged in heavy solid vator shafts are encased, or preferably located in 
masses and smooth flat surfaces, so as to expose fireproof towers. Openings in floors for passage 
the least number of corners and to avoid con- of belts, etc., are either avoided or fully protected 
cealed spaces which may not be reached readily in against passage of fire or water. The proper in- 
case of fire. filiation of an approved automatic sprinkler sys- 
A broader interpretation of the term includes tem is of S reat importance. Ceilings in rooms 
the meaning given above and adds the specification where highly inflammable stocks are kept or where 
that the building shall be so constructed that fire hazardous processes are followed, should be pro- 
shall pass as slowly as possible from one part of tected by the use of hre-retardant material. The 
the structure to another. This means that each ceiling should follow the lines of the timbers with- 
floor should be separated from all others by incom- out an air space between the two surfaces. 

*Thh is the first of a scries of bulletins relating to heavy timber mill construction building 8 > tlair details of con- 
struction, east, and design. 

f By C. E. Paul 
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Fig. 3. Semi-Mill Construction Type. 



What Mill Construction Is Not 

[n order that these types may be clearly recog- 
nized, the following abstracts from Report No. V. 
issued by the Insurance Engineering Experiment 
Station under direction of the Boston Manufac- 
turers Mutual Fire Insurance Co., may aid in 
eliminating erroneous idea--. 

"Mill-construction does not consist in disposing a 
given quantity of materials so that the whole int. 
of a building becomes a series of wooden cells, h 
pervaded with concealed spaces, either directly con- 
nected each with the other or by cracks through 
winch fire may freely pass where it cannot be 
reached bj water. 



"It does not consist in an open-timber construction 
of floors and roof resembling mill-construction, but 
of light and insufficient size in timber, and thin 
planks, without fire-stops or fire-guards from floor to 
floor. 



"It does not consist in connecting floor with floor 
by combustible wooden stairways encased in wood 
less than two inches thick. 

"It does not con>i-t in putting in very numerous 
divisions or partitions of light wood. 

"It does not consist in permitting the use of var- 
nish upon woodwork over which a fire will pass rap- 
idly. 

"It does not consist in leaving windows exposed to 
adjacent buildings unguarded by fire-shutters or v. 

"It i- dangerous to paint, varnish, fill or encase 
heavy timbers and thick plank as they are customari- 
ly delivered, lest what is called dry-rot should 
caused for tack of ventilation or opportunity to season. 

"It does not consist in leaving even the best-con- 
structed building in which dangerous occupations are 
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followed without automatic sprinklers, and without 
a complete and adequate equipment of pump-, pipe-, 
and hydrants. 

"It follows that if plastering is to be put upon a 
ceiling following the line of the underside of the floor 
and the timber, it should be plain lime-mortar plas- 
tering, which is sufficiently porous to permit season- 




Fir. 4. Ordinary Heavy Joiited Construction. 
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Mill Construction and 
Slow-Burning Construction 

The term- "null construction" and "slow-burn- 
ing construction' 5 are used in most instances with- 
out a true clearness of meaning. It is true that 
mill construction is one of the best types of slow- 
burning construction, but there are other types of 
structures which are referred to under this same 
classification. The popular distinction is best 
shown in the building ordinances of various cities. 
In mill construction, only timbers of large size 
are used, but in slow-burning construction small 
timber- protected b) metal lath and plaster or 
other fire resisting materials are frequently in- 
Mailed. lnMe.nl of the thick floors required in 
mill construction, lighter material is used with a 
retardant layer between the under floor and 
the wearing surface. ] Master covered steel or iron 
L) also form the main part of the 
framing in this latter type of building. 

Mill Construction Used to Advantage 



the skim-coat ol lime-putty is 
it the top-floor is laid upon 
sphall pap< r This rul< appli< 

,i- now dt liv< r< d. 



"All the faults d have been committed 

in buildings purporting m bi ol mill construction, and 

par! of th< common practio in com- 
irchiti etui 



< i >nstru< tion has 
\\ ith I • buildings 

fa< un ing industries are 



ilways been looked upon 
in which ordinary manu- 
carried on. Warehouses 



and buildings \<>v storage of merchandise, stores, 
office buildings, factories, -hops, and all buildings 
of moderate height which are not to be used for 
extremel) hazardous purposes from a fire protec- 
tion standpoint, are later developments of this 
type of construction. City building codes limit 
the height of building and size of open spaces in 
Mich buildings. The) also specify the minimum 
sizes of timber which shall be used, and other 
similar detail-. 



ng lair can. 

750 McCormick Building. 

ago, Illinois. 
I uh 26, 1920. 
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Fig. 5. Mill Construction Type of Office or Store Building. 

FOUNDATIONS * 



1 ! E stability of any building depends to a 
A great extent upon the correct proportioning 
of the footings in respect to the soil on which 
these foundations rest. The footings of all walls 
or piers and the soil itself, must have sufficient 
strength to resist the loads sustained and in addi- 
tion all footings must exert the same unit pres- 
sure on the soil. 

Uniform Settlement 

In order that the same unit pressure shall be e\ 
erted by all footings, a careful analysis of the loads 
must be made. The dead load can bz accurately 
determined. The live loads, due to occupanc\, 
snow, and wind pressure, while usuallv prescribed 
by city ordinances, should be judic'ously applied. 
Kidder advises using one-half the probable max- 
imum wind and live loads, as these loads vary from 

* Ihj ('. E. Paul and L. P. Keith. 



zero to a maximum. The bearing areas of the 
footings should be proportioned in such a manner 
as to allow uniform settlement under all parts of 
the structure. 

Bearing Power of Soils 

The nature of the soil, if n t known by actual 
experience or if reliable data is not available, 
should be a matter of careful investigation. The 
kind of material composing the foundation bed, 
without other information, is not sufficient data to 
warrant using the values given in tables. If there 
is much talc in the soil the foundations may slip. 
Limestone which is soluble in water containing 
carbon dioxide often has large voids below the 
surface and gravel is sometimes deposited on quick- 
sand. Rock may be of insufficient thickness to 
support a great load or it may be a detached por- 



Heavy Timber Mill Construction Buildings. 

Page Two FOUXDATIOXS . . 

tion which might slide. Where such conditions case, footings should be carried to the firmest 

are likely to occur, bearing tests should be made, bearing strata that can be reasonably reached. 

Safe bearing values for different kinds of soil Piles are often used where a firm stratum cannot 

to be used in preliminary estimates are as given be reasonably reached by the footn Wood 

in Table I piling should always be cut oft below water level 

_."__. _ r c -i unless creosoted. Thorough creosoting is recom- 

Table 1. — Bearing Power or boils mended for all exposed piling. Footings above 

Rock 10 to 200 tons per sq. ft t ] ie piles should be made 3 feet in thickness with 

Gravel compacted ^" ln '/. * || ,' the ]t \\ c head extending 1 foot into the concrete. 

Sand, clean and compact 4 to O l 

Clav'on thick beds, always dry. 4 to 6 C^.,«J^f; rt „ W^llc anrl PIai-c 

Clay on thick bed s moderately Foundation Walls and Kiers 

dry 2 to 4 The thickness of the foundation walls, or the 

Sand, clean and dry 2 to 4 ;; ;; ;; j f th iso i ate d piers, will depend upon the 

Drv earth 1 to - , ' , . \. . r * 

Quicksand and wet soil. l '" *>t earned. Dns load is determined ap- 
proximate!) from |>rehminar\ plan> of the build- 
Footings ing and from weight of machinery, equipment, or 
The footings of foundation walls of modern materials which carried on the floors of 
mill construction buildings are of plain or rein- the structure. In calculating the live loads, al- 
forced concrete. A lean mixture of one part of l< le for the effect of impact 
Portland cement, three parts clean -and, and five f d equipment, together with over- 
parts of broken -tone or screened gravel, should turning effecl on the leeward side, due to the wind, 
be suitable for footings in ordinarj cases, while When the machines or equipment are unusually 
a 1 :2 :4 mixture will make a strong, water-tight heav) < ? ^vhere heavy shock or vibra 
foundation wall if the materials are graded and tions ir, it is advisable to support 
properh handled. It i^ essential that the concrete such macl undations which are separate 
be extremel) well mi from th< foundations of the building. 
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Fig. 8. A Modern Mill Construction Building with Pilaster Wall. 



Frank D. Chase, Industrial Architect 
and Engineer, Chicago, III. 



EXTERIOR WALLS, FIRE WALLS, AND ENCLOSURES* 



1Y/T ILL construction buildings must be so con- 
L* A structed that fire will pass as slowly as pos- 
sible from one part of the structure to another, and 
in addition, when located in the closely built dis- 
tricts of cities, must be fire resistive to external 
conflagration. Careful attention must be given to the 
construction of external walls, the location and 
construction of fire walls, the enclosing of stair- 
ways, the protection of openings in tire and enclo- 
sure walls and also of openings in exterior walls 
exposed to external fire hazards, in order that the 
advantages of mill construction may be secured. 

Exterior Walls 

City building ordinances as well as the recom- 
mendations of the insurance underwriters gener- 
ally, specify exterior walls of incombustible ma- 
terial, such as hard-burned brick, stone laid in 
cement mortar, or concrete. The pilastered form 
of brick or re- enforced concrete wall gives large 
window areas and furnishes support to the main 

* By C. E. Paul and L. P. Keith. 



girders of the floors where needed, but may lack 
the rigidity of a solid wall. This general type of 
construction may be carried out either in the form 
of curtain walls or panel walls at the choice of 
the designer. Panels of reinforced concrete have 
been used in a few recent cases. In this way an 
economical and fireproof lintel \> secured which 
may be used with a good architectural effect. 

Exterior walls exposed to fire from without 
should be carried 3 feet above the roof and be 
provided with a coping of durable material. If 
monitors or roof lanterns are near the walls, 
higher parapets will be necessary Exterior open- 
ings, vertically over each other, unless protected 
by approved automatic fire windows or doors, 
should have at least 3 feet of solid masonry be- 
tween the top of any openings and the bottom of 
the one above. Lintels should be provided over 
all openings and if of steel and over 4 foot span, 
should be properly fi reproofed. 

Practically all large communities specify in their 
building ordinance the thickness of the walls for 
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any given case. When excessively heavy load- are 
carried, it may be necessary to increase the thick- 
ness of the-e requirements for brick walls in order 
that the allowable crushing strength of the mortar 
be not exceeded. It is well to remember that brick 
walls properly bonded and the joints flushed full 
with cement mortar are generally recognized as 
being as strong as poorer walls 4 inches thicker. 
In the absence of a local building ordinance, it is 
suggested that the sizes given in the Building Code 
Recommended by the National Board of Fire Un- 
derwriters be followed. 

In small buildings or structures located well out 



plank ma) be used b; covering the cracks with 
■'_ inch battens. If metal siding or slate is to be 
used as an exterior finish, the planks should be 
placed horizontal!} and fastened to the posts. 
[f necessar) intermediate studs should be pro- 
vided. Planks nailed diagonally will aid in stiffen- 
ing the building, but there is a small waste of 
material involved. Ml interior surfaces should be 
left exposed so that water may reach them easily 
in case of fire. 

Fire and Party Walls 

Fire walls and party walls should be built of 
hard-burned brick or of concrete, preferably re- 




Fif . 9. Interior of Mill Construction Building Sho 
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< )penmgs in side walls within 10 feet of fire walls 
should l>e provided with approved fire windows, 
shutters or doors. Wooden beams should not en- 
ter walls more than required for sufficient bearing, 
and in all cases there should be at least 8 inches 
of brick at the sides and ends of these beams. 
\- a matter of economy, floor areas between fire 
\terior walls should be as large as permitted, 
*incc tin- cost of fire walls and the necessary pro- 
nation of openings add materially to the cost of 
the building. The maximum Moor areas between 
fire walls or exterior walls of mill construction 
buildings not over 65 feet high without sprinklers, 
or over 75 feet high with sprinklers, as recom- 

toard of hire I 'nder- 



mended 
w riters, 



b) 

are 



the National 
:tv follows: 



Without 



With 



Sprinklers Sprinklers 



Building Fronting on one street... 
Building fronting on two streets.. 
Building fronting on thre< or inon 

street! .... 



sq.ft. 
6,500 
8,000 

. 10.(HK) 



sq. rt. 

13,(HH) 
16,000 

iO.000 



It is further recommended that these areas may 
be increased for buildings three stories or less in 
height, if sprinklered and of non-hazardous occu- 
pancy . 

Loral building ordinance- should he consulted in 



every case, as they may differ from the above 
allowable areas. Many examples may be found 
in the cotton and woolen mills of the New Eng- 
land States in which these areas have been ex- 
ceeded, even in the practise of leading engineers 
and architects. The weave room of one large mill 
is said to have a floor area of live and one-third 
acres of undivided space. 

Enclosure Walls 

Walls which serve as enclosure- for stairways, 
elevators, etc., should be self-sustaining and of in- 
combustible material. The same general condition- 
as to thickness, parapets, etc.. appl\ as for hre 
walls. In special cases where the wall is less than 
8 feet on a side and has no openings, a brick wall 
S inches thick may be used if it does not extend 
more than one story in height. 

No interior windows should be permitted in 
stairway or elevator enclosures. All openings from 
the different Moors should be equipped with auto 
malic hre doors and all stairway doors should be 
self-closing. 

Belts or power drives should be located in a 
special tower or shaft constructed of incombustible 
materia!, as in the case of stairways and elevators. 
Openings to such shafts should he self-cfosing. 



Engineering Bureau, 

750 McCormick Building, 

t 'hicago, Illinois. 

August 9, 1 () 20. 



NATIONAL LUMBER MANUFACTURERS VSSCM 1ATIO! 



NATIONAL LUMBER MANUFACTURERS ASSOCIATION-WOOD CONSTRUCTION INFORMATION SERVICE 



Series E-ld. 



Heavy Timber Mill Construction Buildings 




Fig. 10. Type of Mill Construction Building Used for Light Manufacturing Purposes. 

FRAMING OF FLOORS* 



ONE of the distinctive purposes of mill con- 
struction is to obtain strength and stiffness 
with a minimum amount of timber surface and 
corners exposed t*> attack by tire. Large support- 
ing members and flat, smooth, heavy floors provide 
this requirement. Large timbers do not ignite 
readily, and if exposed to fire, burn slowly and 
with but slight penetration even after a consider- 
able period of time. Flat, smooth surfaces possess 
thi- same resistance to combustion, and may be 
reached easily by water from sprinklers or a hose. 
The factor of safety used in calculations for size 
of girders, beams, and columns is ample to allow 
serious charring by fire and still leave strength 
sufficient to support the floor loads. Wood posts 
have success full\' withstood fire that would have 
entirely crippled unprotected cast iron or steel 
columns. 

* By C. E. Paul. 



The three types of mill construction, "Stand- 
ard." "Laminated Floor" and "Semi-Mill," are all 
designed on these fundamental principles. In mill 
construction types heavy timber posts support large 
timber girders placed as far apart as the design 
will allow. These girders support a thick main or 
carrying floor direct without aid of joists or 
-mailer timbers, except in "Semi- Mill" construc- 
tion. 

Size of Bays 

The general design of the building, the floor 
loads, economy and arrangement of pipes for 
sprinkler system, and economy in the use of lum- 
ber are all factors affecting the size of bay. Eco- 
nomical use of lumber is insured by the choice of 
a -pan such that the full working strength of a 
given commercial size of material may be utilized 
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Minimum Sizes of Material 






.Minimum sizes of material for posts and plank- 
ing will he Riven in the articles relating to these 
subjects which are to follow. 

Girders 

Factors of weight, deflection, vibration and im- 
part, should be considered in finding the dimen- 
sions of beams or girders to be used in any given 
Irdinarily, beams of depth than 
width arc used. Formulas for finding the size of 
girders to carcy a given floor load will be pub- 
lished in a future number of the Wo nstruc- 

tion Information 

Girders are preferabh of single stick, hut for 
,« 1-1 inches b) lo inches it is often ad- 
vantageous t<> use two E inches by lo 
iin hi i ombination, bolted together 

th the larger dimension 

; 1<| leave an air 

i bet een the two m< 

ed, but modern pi a< 1 n e fa 

ther without 
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Bolts }4-inch diameter, fitted with nuts and 3- 
inch wa ire often used to fasten double 

girders. The extreme holts are placed about 2 
in from the end. while the others are stag- 
Lai pacing along the length. The 
longitudinally should not be greater than 
lour times tilt- depth of the girder. Contact sur- 
tould be treated with a preservative to 
prevent 
Where girder med at the column they should 
und the column or butted up close to 
it. Ends of girders may be drawn together closely 
K\ dogs driven into the top side, or held in place 
by steel of iron straps spiked, bolted or secured 
by la If the st\le of posl rap will al- 

low, the rides of tin- posl cap winch project up- 
straps for the girde 

I In length of the hearing at the end of girders 
should be mch that the bearing area will be suffi 
cienl io allow a suitable unit stress in compression 
he grain of the wood. A minimum length 
of 5 inches is often required, but an exact deter 
mination hould be made after the width of the 
girder is known. When girders rest on metal 
plates or masonry, they should have the bearing 
surfaces protected by a piece of creosote saturated 
felt or paper, or two brush coats of hoi creoj 



cut at an angle such that in case of damage by 
tire, the member may tip out of the wall opening 
without disturbing the wall. At columns, girders 
are supported by steel or iron caps. 

Use of Intermediate Beams 

Where intermediate beams are used to support 
a floor in semi-mill construction, it is preferable 
that the beams should rest on the top of the gir- 
ders direct. The width of the main girder is 
usually sufficient to give ample bearing for the 
ends of the beams in the bays on each side of the 
girder, even when the ends butt together. ( om- 
mon practice is to suspend intermediate beams 

between the main girders b\ the use of steel <>r 
iron stirrups or hangers. This practice undoubt- 
edlj lowers the cosl of the side walls of the build- 
ing owing to the diminished height of wall needed 
at each floor. I hi- type of construction is not 
looked Upon with favor b\ insurance underwriters. 

I he\ claim that experience has shown that such 
stirrups or hangers are likel) to prove hazardous 
during exposure t<* Tire, either causing the heav) 
timbers to hum off quicker at the point of su 
pension in the stirrup or hanger, or allowing Mir 

beams t<> fall due to the failure of the metal stir- 
rup or hanger its* 




Floor Timber 



Lug 



Cast iron Wall 
Plate 



Fig. 12. Method of Supporting 
Girder on Wall Plate. 




**' 



Fig. 13. Wall Box fcr Holding End 
of Girder in Wall, 



e supported at the wall 1>\ metal wall 
plate built into the wall as shown 

in Fig 12 and Fig, 13, thus distributing the l< 
more even]} on the brickwork. Wall plates should 
have tw -—one to anchor the plate to the 

wall, and the other to hold the girder on the plate. 
I should he taken to see that a [ .--inch 
c i- left around the ends of girders for ven- 
tilation, SO as to pre\ent the appearance of dry 
rot. A tive treatment applied to the wall 

ends of the girders will give added security. It is 
advisable to allow end play in girders to prevent 
strains m the walls. Ends of u r trdcr> shou'd be 



The Crosby- Fiske Hand Hook of Fire Protec- 
tion contains the following comment upon this 
point : 

"'Mill construction particularly in the Middh- V. 

has suffered unfairly in reputation by reason of dis- 

>us fire results, because buildings somewhat re- 

bling this type ha its name. They may 

had Boors and roof< of plank or wide spaced 

timbers, but in other particulars violated the prin- 

'mill construction.' A common defect has 

been the use of exposed Steel or iron stirrups to hold 

important floor timber 
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Fi?. 15. Examples of Mill Construction in Chicago. 



FLOORS. PLANKING AND WEARING SURFACE 



W( >< )D floors in mill construction buildings 
possess many advantages over those of so- 
called fireproof construction. Wood floors pro- 
vide a good wearing surface which does not dust 
from wear and is easily renewed in places sub- 
jected to excessive use; they allow changes in 
location of machinery, -hatting or piping to be 
made readily; they are less likely to damage I 
or manufactured articles when dropped; they do 
not retain extreme heat or cold which means less 
discomfort for the worker; they give a good foot- 
ing, as they are not as slippery as those of hard 
surface; above all, they are easier for workmen 
to stand on than those of a hard, unyielding ma- 
terial. All these advantages which contribute to 
the greater efficiency of the employee, are secured 
in a mill construction building without additional 
cost. It is small wonder that a skilled artisan 
prefers to accept employment in a building with 
wood floors. 

* /?// C. E. I*""!. 



Minimum Sizes of Material 

The main or carrying floor should be at least 
3 inches thick if laid flat upon the be 
girder-. The top or wearing floor may be of 1- 

inch material. The - are nominal 

and not actual. 

Planking 

Floors of mill construction are ordinarily of one 
of two types. In one type, commonly called "mill 
floor," planks of either dressed and matched or 
>plined material, surfaced both sides, are nailed 
direct to the supporting members. Material 4 
inches or more in thickness should have the e 

ved to take a ; 4 -inch by lj4-inch spline. The 
other type, known as "laminated floor/* consists 
of planks, 6 inches or * inches wide and 2 inches 
or 3 inches thick, surfaced either on all sides or 
on one side and edge, set on edge clo-e together, 
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FLOORS: PLANKING AND WEARING SURFACE 



firmly nailed at each end and at about 18-inch 
intervals with 60D nails alternating top and bot- 
tom. Usually the lower edge- of the plank are 
beveled to serve a- a finish on the ceiling below. 
Lacb of the^e types is covered with two or more 
thickne^- of waterproof paper or similar ma- 
terial, and then by a top or wearing floor laid 
right angles to the direction of the under floor. 

Where plank floor- are laid flat, the boards 
should be two bays in length if possible and laid 
to hrL "' l] ' With laminated 

floors! it ma) be difficult to obtain plank I 
in length. A strong and -tiff floor will result if 



ner that the previous is placed over the first girder. 
The lamination is completed by placing a length of 
plank from center of girder to center of girder as in 
the first case. Care- is taken to see that each plank 
is nailed firmly in place with a tight joint between 
each piece of the floor. 

In laying laminated floors, it is advisable to omit 
the la-t two planks at walls until after glazing 
and roofing have been completed. Then these 
spaces should be filled in close against the walls. 
It is often recommended that laminated floors be 
laid without nailing to the girders which support 
the ' pansion in the floor due to 

dampness will not cause movement in the eirders 
at the walls. 




F.f. 16. Lam.n.ted Floor w.th Jo.nU *t Q uar 



ter Point*. 
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Fig. 17. Scupper for Drainage of Floors. 



Prevention of Leakage 

If extra precaution is desired to prevent leakage 
of water through floors, the various layers of 

waterproof paper should he laid to break joints 
and each joint mopped with hot tar or a similar 
protective material. Also, floors ma\ he given a 
pitch of 1 inch in 20 feet, and scuppers similar 
to that shown in Fig. 17 installed at floor level. 
These are ordinarily spaced from 20 to 40 feet 
apart along the wall. 

The Associated Factory Mutual Fire Insurance 
Companies recommend the use of an approved 
elastic felt instead of waterproof paper. Their 
experience has been that felt properly laid gives 
better satisfaction in the long run. These com- 
panies recommend that a rough board floor be 
laid on top of the heavy plank floor, and that the 
waterproof felt be placed on this rough floor. \ 
fairly smooth surface must be provided before 
the felt is laid, and any irregularity in the floor 
more than ]/% inch deep should be filled up. Two 
layers of felt are used, breaking joints, and 
mopped with a sealing compound between the plies 
and on top of the felt. These companies recom- 
mend that the felt be turned up 6 inches at the 
posts and at the side walls. The hardwood top- 
floor is laid in the hot compound closely following 
the final mopping, so that the nails holding it 
down are tightly gripped. 

At the walls the felt is protected by a counter- 
flashing of galvanized iron, or by a base-board 
nailed in place with the joints between it and 
the floor covered by a quarter-round. Both the 
base-board and quarter-round should be kept free 
from the top-floor to allow the latter to move 
without breaking the corner of the turn-up in the 
felt. At the columns the felt may be protected by 
a base-board and quarter-round as at the walls. 




Fig. IS gives details of floor construction and 
flashing at side walls, as described above, and as 
recommended by the Vssociated Factory Mutual 
F ire Insurance ( Companies. 



op Floor 



Fig. 18. Details of Floor Construction. 

The following extract- are taken from the 
Building Code Recommended 1>\ the National 
Hoard of Fire Underwriters: 

"Two thicknesses of waterproof paper or it- equiva- 
lent to be laid between the planking and the flooring 
in such a manner as to make a thoroughly water- 
proof floor to a height of at least 3 inches above r 
level. It the paper itself i> waterproof, the joints 
should be swabbed with tar, pitch, or their equivalent 
and overlapped at least 1 inches. If the paper is not 
waterproof, the entire surface of the lower layer to 
be swabbed with tar, pitch, or their equivalent and 
the upper layer placed on the lower while hot. Wa- 
terproofing paper to be flashed up at least 3 inches 
above floor openings and protected with mop board. 

"All floors shall bv arranged to drain to elevator 
well or some other point where minimum damage 
will result from water. It is recommended that, 
where feasible, floors be built with a slight pitch 
(about 1 inch to 20 feet) and have proper scuppers or 
drain pip 

". . . When there are no scuppers, the elevator 
or stairwells may be used as drains for the floors, in 
which case the waterproofing material need not ' be 
flashed up at these points. 

"Pipes or conduits extending through floors shall be 
fitted with metal thimbles and made watertight to a 
distance of 3 inches above floor." 



Engineering Bureau. 
750 McCormick Building, 
Chicago, Illinois. 
August 23, 1920. 
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Fig. 19. Mill Construction Building with Well Lighted Basement. 

BASEMENT FLOORS* 



BASEMENT floors in mill construction build- 
ings are ordinarily of one of three types: 
(1) monolithic concrete; (2) wood flooring laid 
on a coal tar concrete base ; (3) wood blocks on a 
concrete base. The type to be selected depends 
upon the requirements and the probable use of the 
basement. The floor is more than part of the 
structure ; it is a factor which affects the efficiency 
of both worker and manufacturing process. Care- 
ful attention should therefore be given to a con- 
sideration of the proposed use. 

Concrete Floors 

Monolithic concrete floors are suitable in base- 
ments used mainly for storage. The sub-founda- 

* By C. E. Paul and L, P. Keith. 



tion for such a floor usually consists of a base of 
cinders or gravel about 6 inches to 12 inches deep. 
This is covered with a layer of 1:2:4 Portland 
cement concrete 4 inches to 6 inches thick and 
finished with a wearing coat of a 1:2 mixture of 
cement and sand, usually from 1 inch to 2 inches 
thick. The finishing coat should be kept wet for 
at least ten days after laying. 

Basements which extend below an adjacent 
water level and where there is much quicksand. 
should have the concrete layer reinforced to take 
care of the tensile stresses produced by the result- 
ing upward pressure. It is necessary to water- 
proof such a basement by some approved method. 
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Fig. 20. Wood Block Fl 



n Factory. 



< ourtesyo) lennison Wright Co. 



Wood Floors 



ments to be used for light manufacturing 

'' m machine shops, and where the 

trucking is light should be made more- habitable 

' •' ^ood floors. \ shop floor of this 

• b) laying a wood wearing surface on 

Such a 
made b) first spreading a 4-inch layer of 

>r stone not larger than 2' , 'inches 
• ith tar containing from 20 to 25 per 
i »te oil. The tar is heated to 2(X) F 
enough used so that the mixture will be compact 
when rolled The .and and gravel should be well 
heated before the tar is added. 

' >ften a 4 to 6-inch base of Portland cement 

take, the place of the tar concrete When 

ete is used, it should he given a coat 

re the top course is laid. \ layer of 

.and mixed in the proportion of fi'ftv or 

sixty gallons of tar to each vard of .and 'and 

- « spread over the Ce u I 

thof p, i nche .. and plank 3 inche, thul 

laid directly over this I vhile it is still 



v then tamped 
top or wear- 



rs 



warm and before it sets The nl-nA- , 
in 8 floor laid on the plank. 

Wood Block FIoo 

Wood blocks for flnnr 
treated or untreated £ i ^ * u>ed either 
ture of occupan v „ t 1( ' ,CC de Pe*&*g on na- 

's an excellent one for -. tv f )e of floor 

used for heavv ELELi ba . seme »« which is to be 

fni<*ing. The ,,,, ( | ( , , ^excessive wear from 

*e) ma, be used vi ' i n>,n """ n hll,l<Ii ' 1 ^ • 
,,( *"- of such buil5n«T^f SUCCeSS ''"'■ the "PPer 
"P of „,, M)llrv ;,*; t ;'," r ; '"> Boor of buud- 

>''^<' on either a ££ T' M the > "*? be 
1'iank or concrete base. ' 

Creosoted Wood Block Floors 
< reosoted wood block a. 

van»a K ev intensified^ of £?" f ** 88 »" the ad- 

he or, ''nan wood fl oor . 
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Fig. 21. Wood Block Floor in Bakery. 






In addition to having .1 resilient -int. ire which 
means comfort for the worker and a minimum 
breakage of articles dropped upon it, a smooth sur- 
face that is nol slippery, a material that 
retain extreme heat or cold, and a construction 
which allow- eas) change of piping, creos 
wood block floors absorb du germless and 

have ureal durability. A floor ot this type made 
,,f properly selected and treated lumber and laid 
in ;m approved method, should last twenty year- or 
more. 

In general creosoted wood block floors may be 
divided into two typ< 

(1) Those suitable for use in buildings which are 
always dry, as in most factories and ware- 
houses 
I I) Those suitable for use in buildings which are 
alternately drv and wet. caused by flushing, 
etc.. such as slaughter houses, and where ex- 
cessive humidity prevail- 
Most failure- in floors of either type are ca 
by undue shrinkage or expansion of the b 



winch is probably the result of not anl 
the above conditio 

Blocks to be used in situations always <lr\ 
heated should he thoroughl) 
kiln dried before treatment 
while absolutely dry. Thor 
vent ve shrinkage. An empt) cell 

process, with five to eight pound- of cr© 
per cubi< m excellent : 

I Blocks can be laid wit nt. 

In the second case the fl< 

•od block street paving. I ireen or partially 

soned timber Me, although dry lumber 

may be used it treated with live 
the creos ting In the preservative treal 
heavier absorption 1 I 

Filler 

A plastic and waterproof material, sucl 
tch filler, should 
p v nch wide, should be 

■ind wall 
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Foundation 

The foundation for the blocks should he of con- 
crete if jMjssihle. As in a concrete floor, it i^ ad- 
visable to -pread as the sub-foundation a thor- 
oughly compacted layer of cinder- or gravel about 
6 to 12 inches deep. A 4-inch layer of Portland 
cement concrete forms the main foundation. A 
cushion consisting of a ^-inch layer of sand and 
cement grout is spread on top of the concrete. 
rin> should be smoothed until level, so as to give 
an even bearing for the blocks. 

J he so-called "bituminous paint" method of 
construction consists of a layer of concrete with 
an even surface, painted with a thin bituminous 
paint coat not exceeding Lx-inch thick, and the 
blocks laid directly on this paint coat. In this 
case the object of the paint coat is not to act as 
a cushion but to seal the bottom of the block-. 

Wood block- when used for upper floors of mill 
construction building- should be placed on two 
layer- of paper laid in pitch. The blocks should 
be bedded in hot pitch and the joints filled with 
the same material. 

Durability of Creosoted Wood Block Floors 

1 he durability of pavement- constructed of 

wood block- i- an established fact. Their 

s i- a more recent development, but 

enough example- are on record to indicate their 

durable qualities. 

Mr. C. II. lee-dale. Chairman of Committee on 

Wood Block raving, American Wood Preservers' 

•nation, submitted a paper at the 1916 annual 

meeting which included the result. f a question- 

nar one hundred and sixtt 

floors. Three of these floor, were laid prior to 

' and about seventy-five per cent in 1912 or 

later. While these floors had not been in service 

. enough to give conclusive evidence, they 

nty-seva ort that 

durability was one of the advantages. Evidently 

the ' en negligible. Moreover, quoting 

I he record- of one hundred and 



sixty doors given in this report indicate that seri- 
ous trouble has developed in a very low percentage 
of ca-es." 

Mr. L. T. Ericson -ays two years later in a 
paper read before the American Wood Preserver-' 
Association, "Creosoted wood block floors seldom 
fail from decay. If properly manufactured and 
treated and properly installed they should wear 
indefinitely, but when the floors do' eventually fail 
it should be from wear alone." 

Creosoted wood block- when exposed to fire on 
their wearing surface only are fire resistant to a 
marked degree. The Railwa) Age Gazette, Decem- 
ber 17. 1915, quotes a report of the burning of the 
Philadelphia & Reading pier No. 36 at South 
Wharves, ( October, 1914, as follow-: "This fire was 
so hot that a large portion of structural steel was 
fused, the whole pier -hed was destroyed and the 
greater portion of the burnt wreckage was thrown 
on the wood block floor. After the removal of 
the debris, it was found that the wood blocks, 
which had been subjected directlv to the flame- 
were only charred % to % inch, but where the 
fused structural steel had come into contact with 
the wood block-, they were charred from Va inch 
to I inch ilec|>." 



rs 



Patented Wood Block Flooi 

Th ere are several patented blocks on the mar- 
ket which often ma) be used to advantage Thev 
possess comrnendable ^points in addition to those 
of the usual wood block floors. The manufac- 
turers of one type of block state that the shape 
and method o manufacture of one of then stvlS 

smoothness and has Th? ' , ,"" r has Kreat 
matched flooring, adaptamhty of besl 
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Fig. 29. A Typical New England Cotton Mill of Heavy Timber Construction. 

ROOFS AND ROOF COVERINGS* 



' 



R( K3FS in mill construction building- arc usu- 
ally flat with a slight pitch of ! 4 inch to 

inch to 'the foot. They are framed in the same 
manner as are the floors, the under side oi the 
roof forming the ceiling for the top story. It a 
plastered ceiling is necessary, the metal lath which 
is to hold the plaster should be titted around the 
girders and against the roof boards in such a man- 
ner as to leave no spaces between the plaster and 
wood. If plastering is to be used in contact with 
the timber, it should be of plain lime mortar with- 
out the skim coat of lime putty. The rough plas- 
ter is sufficiently porous to permit seasoning to 
continue if necessary. 

Both roof timbers and planks should be self- 
releasing at walls and have exposed surfaces 
planed. 

Roofs should be covered with an incombustible 
material. The National Board of Fire I nderu Tit- 
ers permit the use of metal tile, asbestos, or a 
combination of coal tar. pitch or asphalt and tell 
covered with slag or gravel. Composition slag or 

* By C. E. Paul and L. P. Keith. 
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Minimum Sizes 

\\ hi Ic the size of tl support I 

will not need to I 
the floors on ac 
the minimum sizes 

trol the size of girder- to be used U 
the^e dimensions are g Hid- 

ing ordinances and an inspection oi such i 
nances will shom that minimum all 
\;ir\ in different communities. From the stand 
pomt of fire protection, the smallest 
that should be used are at least 6 inches ' nomii 
in either dimension, but a common building 
tion is that such girder- should be at Ic 

(nominal) thick and have a cro ectional 

at least 72 square inches, (nominal). This same 
regulation in regard to minimum sizes should apply 
to beams in semi-mill construction, as well >- 
girders in standard con -truer 
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The size of the bays in the roof will be deter- 
mined by the size of the bays of the floor below. 

Jn many cases a roof of semi-mill construction 
type is placed on a building in which all the floor* 
are of standard mill construction, or of laminated 
type. This design is not necessarv since a certain 
minimum thickness of roof plank "is demanded re- 
gardless of the load to be carried. While the 
National Board of Fire Underwriters allow 2 l \ 
inches (nominal ) for minimum thickness, 3 inches 
(nominal) is the more common requirement. TTiis 
-ufficient to support ordinary roof loads on 
spans commonly found between girder-. A simple 
calculation will show this point to be true, espe- 
cially where a good grade of lumber is used ' Root 
plank ly 2 inches or 3 inches in thickness mav be 
either splmed, or tongued and grooved; with a 
thickness of 4 inches and over, thev should be 
-plmed. 

Roof Covering 

The choice of roof coverings, vvh] ie depending 
<;n a number ot factors, is partly determined bv 
the pnch of the roof. It is uMiallv recognized that 
prepared or ready rooting cannot be u<ed G n 
Pitches less than 1 inch in 12 inches, while com- 
position, slag or gravel, may be used on roofs with 
the minimum pitch of % inch in 12 inches 

' Jne of the most satisfactory types of roofine is 
oJ the bmlt-up variety, where layers of felt sat- 
urated with tar are nailed down." and bv the use 
oi asphalt or p,tch protected and cemented to- 
ner. 

The following specification quoted from a Re- 

port of the American Railway Kngmeering Vsso- 

rm gives what is considered to be good orac- 

m the construction of a Hat built-up roofing 

on wood -heathing: 

sp ECIFI( FELT PITCH 

WEL OR SLAG ROOFING 
OVER BOARDS 

""Id not be US ed when 
(3) inches to one <I ■ . 

SPECIFICATIONS 

»^rr,r| fell »». V 

■■ 7 

o hold in place until remaining «, " 

coat the entin nnifonnlv with 

ghl run coal-tar pitch. "orniiN uith 

tarred fell I 

^ thai in m 



AND 



touch felt Such nailing as necessarv shall be done 
so that all nails will be covered by not less than two 
(2) phes of felt. 

Fifth, spread over the entire surface a uniform coat- 
ing of pitc h, intc > which, while hot, imbed not less than 
our hundred (400) pounds of gravel or three hundred 
(J00) pounds of slag to each one hundred (100) 
square feet The gravel, or slag, shall be from one- 
quarter (%) to five-eighths {%) inches in size dry 
and free from dirt. . J 

JESSSlSSSr ^ ha " bc constructed as sWn 

fac^riabe.. fe,t "* lji,dl Sha " h ^ the — ^ 
Inspection -Tin- roof may be inspected before the 

SSTlhEe m T ap . pl,ed b > r ting a s,it not '«s 

Ihe felt is ia.d. ^ ** nght ang ' CS to thc "* 

mateifeT^? CO '" rjl>; With ^ he above specifications, the 
T^ IOr - eaCh , 0ne h , Undred (10 °) ^uare 

s^S W5 say r g coa| - tar ^ ™ &«s 

properly. to bcd gravel or slag 

on T theto«om g n P xrjo the UnSatU /^ ed i elt is ^« 
keep any phch which n,^t/°° f b ° ard >' mainl y to 
Wt above i! fl 1 "V^r^, ""J! l r- pl >' 
ing. It also is of vaW roofing to thc sheath- 

oi the roo? hrough opeS ST "t f r>in& ° ut 
saturated felts should bo J, a u° m be,ow - The 
chance of disturbance f the roof t£" th / Fe is an >' 
wind, and also enough to hnM f ° m , Un<krncath b - v 
i»& The pract.ee °n regard ?„'•,'" P ' a " while "■/ 
«t parts of the country but th.l' ng **"'? in differ - 
- ;; o >on K a, the ro'of ' ft.Sta'X.-* «" b e«- 
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F ' f 3 ° D * uil •' Wood c„r„ ic .. 
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Fig. 31. Interior of Mill Building with Timber Saw-Tooth Roof. 
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F. W, Dean, Mill Architect and Engirt*- ft , Boston 
Fig. 34- Details of Saw-Tooth Roofs of Timber Construction. 



ing over high enough, sufficient width can be ob- 
tained." In these details the roof planks forming 
the bottom of the gutter are supported by a built- 
up solid wood member as wide as the roof beam. 
This eliminates unnecessary corners and edges, 
thus cutting down the fire hazard. 

Durability of Mill Roofs 

Where a high humidity is to be maintained, such 
as is usual in weave "rooms, dye houses, pulp 
mills and paper mills, special attention must be 
given to the design of the roof to avoid early 
decav. All wood-destroying fungi require condi- 
tions very near the dew point. With warm moist 
air on the interior and cold air on the exterior, 
the dew point will be reached at some place be- 
tween the under and upper sides of the roof. The 
fungi will start growing near this place which has 
the conditions essential for such growth. 

To prevent the loci of the dew points or rot line 
from falling within the beams or girders, instead 
of in the roof plank, Mr. Frederick J. Hoxie 
recommends chamfering the upper corners of the 
beams or girders, leaving only the minimum bear- 
ing area required for the roof planks. If a width 
of bearing equal to the thickness of the roof plank 
is allowed, it will usually be sufficient. 

The relative humidity of the air directly under 
the roof should be reduced by placing additional 
heating pipes there, or by cutting down the escape 



of heat through the roof. If additional pipes are 
provided, they should be so placed that the heat is 
distributed as evenly as possible under the surface 
of the roof. In saw-tooth construction this is ac- 
complished by placing them at the lower end of 
the incline of the saw-tooth. Flat portions of a 
roof will decay more quickly because snow and ice 
remain for a longer period than on the more in- 
clined portions and keep the roof chilled for a 
correspondingly longer time, thus causing greater 
condensation. The remedy is to provide additional 
heating pipes under the flatter portions. 

A good roof for mill buildings where a rel- 
atively high humidity is maintained consists of 
two thicknesses of plank, separated by an insulat- 
ing material and covered by an approved roofing. 
The lower planks support the load and should 
be a good grade of material. Over these are 
placed three thicknesses of tarred paper saturated 
with tar. The upper planks may be of a low grade 
material and should be treated with a preserva- 
tive. An approved roof covering is placed on top 
of the roof. 

Roof ventilators, skylights, closet vents and 
drains, all cause condensation and steps should 
be taken to avoid this precipitation of moisture. 
Wherever possible roof ventilators in buildings of 
high humidity should be omitted and drain pipes 
or vents should be insulated and kept away from 
structural members. 



Engineering Bureau, 

Chicago, Illinois. 
May 2, 1921. 
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Fig. 35. An Example of Mill Construction and Its Architectural Possibilit 
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FLOOR BEAM CHARTS FOR MILL CONSTRUCTION DESIGN* 



THE determination of the most economical 
floor system to carry a given load in a mill 
construction building requires the engineer or archi- 
tect to investigate various spans and spacings for 
floor beams and girders. Although the size of 
the building and needs of the occupancy usually 
limit these spacings to a small number of com- 
binations, the necessary calculations for bending 
moment and deflection are somewhat burdensome 
as they involve the square and the cube of the 
length of the beam in inches. Valuable tables 
giving the maximum loads for beams varying by 
a foot of length as limited by bending stresses, 
horizontal shear and deflection, have been com- 
piled to eliminate a part of this work. 

The accompanying charts were designed as a 
further assistance to the engineer. They are in- 
tended to give this information graphically and 
to make it possible to determine any allowable 
load and length combination to a fractional part 
of a foot of length. Load lines are al§o drawn, 
which eliminate the work of calculating the amount 
of floor load and weight of floor beams for the 
loadings and beam spacings commonly used. 
These load lines are shown on each chart, so that 
it is not necessary to refer to two or three dif- 
ferent tabulations to obtain a result. 

Floor Beam Spacings 

A study of the various spacings of floor beams 
for any panel 01 semi-mill construction shows a 
decided economical advantage in the design of 
the girder when the end beams of the panel carry 
their* load direct to the columns thus removmg 
a part of the panel load from the girder, lrre- 
spe P ct ve of the* number of beam spaces this ar- 
rangement results in less fiber stress and deflec- 
"n'than when all the floor beams are ^ 
the eirder. In some cases it may not be practi 
cal £ frame the end beams of a par ,1 direct to 
the columns. The best variation is to frame the 
end beams contiguous to the columns, thus ap 
^oachln? as nearly as possible the more economi- 

Ca TnrS« of the beams given in these charts 



a spacing of beams less than 4 feet should not 
be used. 

Description of Charts 

The five accompanying charts are for sizes of 
floor beams most commonly used in mill construc- 
tion, and relate to uniformly loaded beams. The 
fiber stress curves are marked "f-1800," "f-1600," 
etc., and are the result of plotting all points on 
the chart which represent load and length com- 
binations which will produce the fiber stress indi- 
cated on the curve. Fiber stress curves are given 
for values commonly used in design and building 
code requirements. The deflection curves repre- 
sent the various combinations of loads and spans 
which will produce a deflection of 1/30 of an 
inch per foot of span, which is the maximum al- 
lowable deflection for ordinary use. A greater 
deflection would probably crack a plastered ceil- 
ing, and the resultant sagging would be notice- 
able. The value of the modulus of elasticitv for 
wood is taken as 1,600,000 pounds per square 
inch, which is a good average value for structural 
timber in general use. Lines marked "H S-100," 
110, 120, and 125 represent values of horizontal 
shearing stresses in pounds per square inch. The 
loads are shown on the left side of the diagrams, 
and the span in feet by the lower row of figures 
at the bottom. The smaller and upper row of fig- 
ures at the bottom of the charts represent the num- 
ber of board feet in a beam of a given cross sec- 
tion for the commercial length timber required for 
the span. The load lines shown on these charts 
are adapted especially to semi-mi'l construction, 
although for beam spacings of 8 feet, 9 feet 
or 10 feet, they are equally useful in the design of 
buildings of standard mill construction. Load 
lines are plotted on the diagram for loads of 100, 
125. 150, 175 and 200 pounds per square foot of 
floor area, carried on flooring 3 inches or 4 inches 
thick (nominal sizes), as required in each case. 
The weight of the floor and the floor beams were 
included in the computations. 

Use of the Charts 

To determine whether or not a given combina- 
tion of load and length produces in a beam of 
o-iven size a greater stress than should be used, 
find the given load at the left hand side of the 
chart for the beam of that size, and follow the 
horizontal line to the right to where it intersects 
a vertical line representing the given length as 
shown at the bottom of the chart. // this point 
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of intersection is above or to the right of (1 ) the 
line representing the maximum allowable hori- 
zontal shear, (2) the curve representing the max- 
imum allowable fiber stress in bending, or, (3) 
the deflection curve, this combination of load and 
length produces in the beam under consideration 
a greater stress or deflection than is permitted, 
and therefore the combination cannot be used. 
If this point of intersection is below or to the left 
of these curves representing the maximum allow- 
able stresses or deflection, the combination pro- 
duces stresses or a deflection of the beam less 
than the allowable amount in each case and can 
therefore be used. 

For example, let us assume that we wish to 
use a 6-inch by 12-inch floor beam and that the 
limit of fiber stress in bending is 1,500 pounds 
per square inch, horizontal shear 125 pounds per 
square inch, and the maximum allowable deflec- 
tion is 1/30 of an inch per foot of span. A uni- 
form load of 8,000 pounds is to be carried across 
a span of 14 feet. Refer to the chart for a 6-inch 
by 12-inch beam. From the load of 8.000 at the 
left, follow the horizontal line to the right until 
it meets the vertical line reaching from the length 
of 14 feet indicated at the bottom of the chart. 
Since these lines intersect below and to the left 
of (1) the line of maximum allowable horizontal 
shear, (2) the curve of maximum allowable fiber 
stress, and (3) the deflection curve, we are safe 
in using this combination of load and strength 
with a beam of this size. If, however, we wish 
to carry the same load across a span of 15 feet. 

find the intersection is below and to the left 
of the maximum allowable horizontal shear line 
and fiber stress curve, but above and to the right 
of the deflection curve. This means that as far 

Strength is concerned, both in bending and 
horizontal shear, the load and length combination 
but the maximum allowable defec- 
tion for a 1 : ceeded. 



Use of Floor Load Lines 

Load lines for beams uniformly loaded when 
plotted run from the lower left hand corner up- 
ward and to the right, intersecting the curves of 
maximum allowable stress and deflection. We 
may find the limiting length of a beam for a given 
load and beam spacing by reading the length at 
the bottom of the chart directly beneath the inter- 
section of the load line and the curve representing 
the maximum allowable stress or deflection in any 
specific case. Similarly, the total load will be 
found by following the line from the intersection 
directly across to the left side of the chart. The 
numbers at the upper right hand end of the load 
lines, indicate the superimposed load per square 
foot of floor, the spacing of the floor beam, and 
the thickness of the flooring necessary for that 
load and beam spacing. These load lines as 
plotted include the weight of the floor and of the 
floor beam. By referring to the chart for a 6- 
inch by 12-inch beam, it will be seen that with 
flooring 3 inches thick, loaded with 100 pounds 
per square foot, and beams spaced 3 feet 6 inches 
on centers, the allowable span for a 6-inch by 
12-inch beam is about 15 feet 11 inches, if limited 
by deflection, and 17 feet 2 inches, if limited by 
a fiber stress of 1,500 pounds per square inch, 
neglecting the deflection. It will also be seen that 
in the case of a load of 200 pounds per square 
foot, carried on flooring 3 inches thick, with a 
beam spacing of 4 feet 8 inches, the span is lim- 
ited to 10 feet 6 inches when the maximum al- 
lowable horizontal shear is 125 pounds per square 
inch. 

These charts may also be used to determine the 
extreme fiber stress and horizontal shear devel- 
oped in a given beam carrying a definite load. 
The values are secured by interpolation and are 
approximate. It is also possible to tell whether 
the deflection will be greater than that permitted 
in common practice. 
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NATIONAL LUMBER MANUFACTURERS ASSOCIATION -WOOD CONSTRUCTION INFORMATION SERVICE 

Series E-2b. 

Built-up Southern Yellow Pine Timbers Tested for Strength l 




FIG. 1-SHOWING METHOD OF APPLYING LOADS TO BEAM IN TESTING MACHINE. 



Built-up structural beams have an advantage over solid beams in 
the utilization of smaller stock, quick and easy seasoning, availability, 
and the possibility of avoiding bad checks, shakes and other defects. 
Tests made at the Forest Products Laboratory on eleven built-up beams 
of southern yellow pine indicate that from the standpoint of strength 
there is no marked difference between built-up beams of dense 
material practically free from defects and solid beams of ' dense 
™*Linl rith defects limited as in the select structural grade of the 



material with defects 
Southern Pine Association. 



Purpose 

These tests were made in co-operation with the 

National Lumber Manufacturers Assoaat.on t 
obtain information on the behavior of built up 
beams under loads, their strength properties as 
chared" with solid structural timbers previous > 
tested, and to ascertain the *pf^;/ T ^ 
of using built-up instead of soli d J^^ ^1 
on small clear specimens cut from the large tim 

I Test, mad* at the U^ Forest ^duc^Laborato 
Manufacturers Association, Washington, V. C. *J 

report of one of a number of 



bers were made to furnish data for compari-un 
of the strength properties of structural timbers 
and small clear specimens. This investigation is 
preliminary to a more comprehensive study of 
laminated and built-up beams and trusses. 

Character and Condition of Material Tested 

Fifty-five 2-inch by 12-inch by 16- foot planks 
of commercial southern yellow pine were used. 

n/. Madison, Wis., hi co-operation with the 'National Lumber 
.Heck, Engineer in Forest Products. 

investigations on woods commonly used for construction 



This is a progress rep 

purposes. 
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This material had been air-dried and had about 
17 per cent moisture content at the time it was 
tested. The planks were plain sawed and prac- 
tically free from defects, but about one-half the 
number contained season checks, some of which 
opened up considerably after assembly in the 
beams and before testing. A few of the planks 
were somewhat cross-grained, but not seriously 
enough to preclude their use for this series of 
tests on beams built up of clear stock. 

The solid beams (previously tested) with which 
comparison is made were limited in defects as in 
the select structural grade of the Southern Tine 
Association and were selected by a representative 
of the laboratory. 

Construction of the Beams 

Each built-up beam consisted of five planks 
bolted together. The planks composing a beam 
were matched by comparing ends, material of 
practically the same quality being used in each 
beam, and were surfaced on both sides in order 
to have the resulting beams of uniform dimensions 
and all p'anks fitting closely together. All bolts 
and the holes into which they were driven were 
'.-inch in diameter. The bolts were spaced as 
indicated in Fig. 2. Washers 1 >4 inches in diam- 
eter were used under the heads and nuts to pre- 
crushing of the outer planks. After the 
beams were constructed they were surfaced on 
the top and bottom. 

Method of Testing Built-up Beams 

The built-up beams were tested in accordance 
with standard practice of the I nited States Poorest 
ice 1 , on a 200,000 pound-capacity Riehle test- 
ing machine, which i- provided with an extension 
weighing platform (see Fig. 1 >. The beams are 
placed on two knife-edge supports 15 feet apart, 
that rest on the platform of the testing machine. 
The test load is applied at the third points of the 
A hue wire kept taut by means of rubber 
bands at the ends is strung between two nail- IS 
feet apart driven mid\\a\ between the top and 

faces of the beam and vertically above the 
knife-edgi As the test load is applied 

the l>eam deflects and the steel scale which is 
beam midway between the sup 
port n while the wire 

•riginal position. The distance the scale n 
relative to the wire indicates the amount of de- 



flection or bending. Deflection readings are taken 
at suitable increments of load. In this instance, 
the loads were read every 2,000 pounds until 
about 30.000 pounds had been applied, when the 
weighing beam of the testing machine was kept 
balanced and the loads read for every 1/10-inch 
deflection. This method of obtaining the load- 
deflection curve assisted materially in locating the 
elastic limit and in ascertaining the load at failure. 

Tests of Small Clear Specimens 

After the built-up beams had been tested, small 
clear test specimens were sawed from each plank 
in the beam near the point of failure and tested 
according to the laboratory's standard method for 
testing small clear specimens 2 . The nominal sec- 
tional dimensions were 1.6 by 2 inches. These 
test specimens are called "minors." 



i^-t- .s-Ji ,,-JL „-_iLJt 



eqfS 

FIG 2— SPACING OF BOLTS IN BUILT-UP BEAMS 

Two specimens for each of the following tests 
were taken from each plank in the eleven beams: 

Static bending 

Impact bending 

( Compression parallel to the grain 

I ompression perpendicular to the grain 

1 lardness 

Shear 

Cleavage 

Ten-ion perpendicular to the grain 

The minors sawed from the solid beams with 
which comparison is made were 2 by 2 inches in 
fictional dimensions. 
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-STRENGTH PROPERTIES OF SOLID AND BUILT-UP TIMBERS COMPARED WITH MINORS. 
(southern yellow pine.) 



Explanation of Experimental Data 



In Table 1 are given the strength properties of 
the built-up beams together with those of then- 
minors. The adjustments for differences in mois- 
ture content were made and ratios of the strength 
properties of the large beams to the same proper- 
ties of their minors formed. The averages of 
the individual strength properties were computed 
and these are used as a basis for the analysis of 
the results. 

Table 2 contains data on the solid beams similar 
to those found in Table 1 for the built-up beams. 

Table 4 is a summary of Tables 1 and 2. 

In Table 3 is given a summary of the results 
of all minor tests from the built-up beams a. 
well as the averages of these results. 

Fig. 1 shows the manner of loading the beams 

^pgfskows the spacing of the bolts in the 
built-up beam,. A graphical representation oi the 
averaee values of Tables 1, 2, and 3 is given in 
FhTT The insert shows graphically the ratio of 
the built-up to the solid beams. Load-deflection 
diagrams for the built-up beams are shown m F g. 
4. Fig. 5 shows a loaded beam which has buckled 
sidewise. 

How the Beams Failed 

As the test load was applied the beams deflected 



passed. The failures are classed as tension, com- 
pression, horizontal shear and sidewise buckling. 
There were three types of tension failures: cross 
grain, brash, and splintering. It was found upon 
examination of the individual planks after test 
that in some cases there were compression fail- 
ures which were not visible during the test and 
no doubt the first compression failure noted was 
not in every case the first failure to occur. The 
horizontal shear failures were sudden and gave no 
warning, the line of failure generally followed the 
season checks, if there were any. 

The following notes on the tests of the indi- 
vidual beams will assist materially in understand- 
ing the behavior of the beams during test. 

Beam No. 1. — The first failure occurred in compres- 
sion at a load of 42,000 pounds. A cross-grain ten- 
sion failure (slope of grain 1:12) occurred in the 
middle plank of the beam when a load of 49,000 
pounds had been applied. The test was continued 
until the load reached 51,000 pounds, at which point 
the beam buckled, 

Beam No. 2 — A faint cracking was heard at a load of 
30,000 pounds. A cross-grain tension failure (slope 
of grain 1:19) occurred at 48,600 pounds. The test 
was continued to 50,000 pounds, at which load the 
beam buckled. Subsequently, several compression 
failures occurred. 

Beam No. 3. — A horizontal shear failure occurred in 
plank No. 1 at a load of 25. 260 pounds. The shear 
failure was influenced by the presence of several 
season checks. Tests on the small specimens indi- 
cate that this plank had a modulus of elasticity of 
2,200,000 pounds per square inch, which was much 
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49,250 pounds without any tension failures. The 
test was discontinued when buckling occurred. 

Solid Beams.— The solid beams, data upon which 
were used in this discussion for comparison, were 
all select .structural grade material with limited 
defects. A detailed discussion of the tests of this 
material will not he taken up in this article. The 
strength values of the minors taken from these 
beams are about the same as those taken from the 




FIG. 5 FAILURE OF LOADED BEAM. 

built-up beam.; consequently, the ratios formed 
with the structural sizes should give comparable 
and fairly reliable information as to the merits 
of the built-up beams. 

Horizontal Shear 

The average horizontal shear stress developed 
m the built-up beams was 394 pounds per square 
inch The range of results is from 335 to 473 
pounds per square inch- The average horizontal 
sheTstLs developed in the solid beams was 396 
Sds per square inch and the range of result 
K from 324 to 483 pounds per square inch. It 

s interesting to note in built-up beam No. 4. 
which developed the highest shear stress and also 

he highest fiber stress, that the horizontal shear 
and first tension failure occurred very close to 
gether, and in the same plank. 

' The horizontal shear in the small bending specif 

the maximum shear was dexelopea. 



ratio shown in the graphical representation of 
strength properties, Fig. 3 (also see Tables 1 and 
2 1 , was formed between the results of tests on 
small shear test specimens and the computed 
shear in the large beams. 

Maximum Fiber Stress 

The ratio of the modulus of rupture or maxi- 
mum fiber stress of the built-up beams to that of 
the small test specimens is 72 per cent ; while the 
same ratio for the solid beams is 66.3 per cent 
based on average values. The ratio of the modu- 
lus of rupture of the built-up to the solid beams 
is 107 per cent. As would be expected, the small 
specimens gave higher values for modulus of rup- 
ture than the large pieces since they were free 
from defects and other variables thai Influence the 
strength of large beams. The increase in the 
ratio of modulus of rupture of the majors to their 
minors in the case of the built-up beams over this 
ratio for the solid beams is slight and the tests 
are too few to indicate an) advantage of the built- 
up o\ er the solid beams. 

Fiber Stress at Elastic Limit 

The elastic limit was determined from the 

load-deflection diagrams by finding the point at 
which the deflection increase- markedly more rap- 
idly than the lead, or in other words, the point at 
which the load deflection curve deviates from a 

straight line. 

The average fiber stress at the elastic limit for 
the built-up beams was 6,160 and for the solid 
beams 5,750 pounds per square inch, the built-up 
being 7 per cent higher than the solid beams. 
i See Table 1 and Fig. 3. i The ratio of the aver- 
age fiber stress at elastic limit of the large beams 
to that of their minors is 74. 6 per cent for the 
built-up and 70.7 per cent for the solid beams. 

Modulus of Elasticity 

As a rule the Stiffest plank in a built-up beam 
takes the largest share of the load and the planks 
of lesser stiffness receive proportionately smaller 
shares. The stiffness, or modulus of elasticity, of 
the planks in a built-up beam may vary under 
extreme cases, as much as 100 per cent or even 
more. 

The large number of tests made at this labora- 
tory on small clear specimens have shown that a 
piece of high modulus of elasticity normally de- 
flects farther to the elastic limit and to maximum 
load than a less stiff piece. This being true, it is 
apparent that the built-up beam is most likelv to 
fail in a plank of low modulus of elasticity rather 
than in the stiffer plank even though the latter 
carries a larger share of the load. This, however, 
is not true of defective material, for the first fail- 
ure will usually occur in the most defective timber. 
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The strength of the built-up beam depends upon 
the deflection the defective piece takes at failure. 

The modulus of elasticity of the built-up beams 
is 16.2 per cent higher than the average of the 
ill test specimens, while for the solid beams 
this ratio is 17.8 per cent higher. 

Moisture Distribution 

Determinations for moisture distribution show 
thai there was very little variation in moisture 
ent throughout the sections of the built-up 
[n solid air-dry beams in structural sizes 
it is not uncommon to find that the inner portion 
of the section has a moisture content 10 per cent 
higher than the outer portion. 

Where Built-up Beams Fail 

The opinion has often been expressed that, when 
or more timbers or planks are used together 
loaded so as to deflect equally, the stifTer 
ill take the greater load and will, there- 
fail before the less stiff pieces. It is true 
that the stifTer pieces will take the greater load. 
ious tests, however, have demonstrated that 
dense, stiff pieces usually deflect farther to the 
elastic limit and to failure than pieces of lower 
density and stiffness. It is quite evident, there- 
to ,u, that beams built up of clear planks will tend 
to tail in the less stiff rather than in the stifTer 
plan 

l"he Forest Products Laboratory has made no 
with defective built-up beams to ascertain if 



the defects in the component planks can be stag- 
gered in the beam and the latter so fastened to- 
gether that results will be comparable to results 
on solid beams containing the same number and 
size defects similarly located. Neither have any 
tests been made to determine if laminations will 
act independently as individual beams, each break- 
ing at its particular defect, the net results being 
practically equivalent to having all the defects at 
the same point in a solid beam. Such tests would 
be of value in making a further study of built-up 
construction. 

TABLE 4. -SUMMARY OF AVERAGE RESULTS IN 
TABLES 1 AND 2 ON BUILT-UP BEAMS 

Ratio (in Per Cent) of Structural Sizes to Minors 

Fiber stress Modulus Modulus 
at elastic of of 

limit rupture elasticity Shear l 

Built-up 74.6 72.0 116.2 26.3 

Solid (6 by 12-inch) 70.7 66.3 117.8 34.1 

Ratio (in Per Cent) of Built-up to Solid Beams 

107.0 107.0 96.5 100.0 

Ratio (in Per Cent) of Fiber Stress at Elastic Limit 

to Modulus of Rupture 

Structural Minors 

Built-up 72.5 70.2 

Solid (6 by 12-inch) 72.2 68.0 

l Ratio of computed horizontal shear in built-up beams 
to results obtained on standard shear specimens. 
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